Abstract-An increasing number of studies has tested whether greater cardiovascular responses to acute mental stress predict future cardiovascular disease, but results have been variable. This review aimed quantitatively to evaluate the association between cardiovascular responses to laboratory mental stress and subsequent cardiovascular risk status in prospective cohort studies. We searched general bibliographic databases, PsycINFO, Web of Science, and PubMed, up to December 2009. Two reviewers independently extracted data on study characteristics, quality, and estimates of associations. There were 169 associations (36 articles) of stress reactivity and 30 associations (5 articles) of poststress recovery in relation to future cardiovascular risk status, including elevated blood pressure, hypertension, left ventricular mass, subclinical atherosclerosis, and clinical cardiac events. The overall meta-analyses showed that greater reactivity to and poor recovery from stress were associated longitudinally with poor cardiovascular status (rϭ0.091 [95% CI: 0.050 to 0.132], PϽ0.001, and rϭ0.096 [95% CI: 0.058 to 0.134], PϽ0.001, respectively). These findings were supported by more conservative analyses of aggregate effects and by subgroup analyses of the methodologically strong associations. Notably, incident hypertension and increased carotid intima-media thickness were more consistently predicted by greater stress reactivity and poor stress recovery, respectively, whereas both factors were associated with higher future systolic and diastolic blood pressures. In conclusion, the current meta-analysis suggests that greater responsivity to acute mental stress has an adverse effect on future cardiovascular risk status, supporting the use of methods of managing stress responsivity in the prevention and treatment of cardiovascular disease. (Hypertension. 2010;55:1026-1032.)
A n estimated 17.5 million people died from cardiovascular disease (CVD) in 2005, representing 30% of deaths globally, implicating CVD as the leading cause of death worldwide. 1 In addition to the well-established cardiovascular risk factors of family history, obesity, smoking, diabetes mellitus, and hypercholesterolemia, much effort has been devoted to the identification of other potential risk factors, including psychological stress. Two major research strategies have emerged for investigating the role of psychological stress in the development of CVD. The first is to carry out population-based assessments of associations between stress exposure and future CVD using standard observational epidemiological methods, 2, 3 but supply has limited information about the pathways involved. The second more mechanistic strategy is to measure cardiovascular responses to acute laboratory mental stress. Large, mental stress-induced cardiovascular responses, including both heightened reactivity and slow poststress recovery, are hypothesized to lead, more than time, to elevation of tonic blood pressure (BP) and the development of CVD. 4 -8 Heightened reactivity or delayed recovery are thought to be processes through which stress and other psychosocial factors, such as hostility, promote CVD risk. 9, 10 The advantage of psychophysiological stress testing is that sophisticated measures of cardiovascular functions can be carried out under standardized laboratory conditions. The method is limited to studies of short-term responses to acute stimuli that may lack ecological validity, so relationships with cardiovascular activity in everyday life are mixed. 11 Nevertheless, these disadvantages are offset by being able to monitor or eliminate confounding factors and to manipulate stimuli experimentally, allowing the causal factors responsible for cardiovascular responses to be determined. 9 The practical significance of acute stress responses has been questioned, so longitudinal follow-up studies have been conducted to establish whether people who show heightened acute stress responses are at greater risk for the development of CVD.
Over the past few decades, many studies of mental stressinduced cardiovascular response in relation to future CVD have been published, but the conclusions of reviews have been varied. 5, 12, 13 This may be partly because clear distinctions have not been made between prospective studies and cross-sectional, retrospective, case-control or quasiprospective studies. Some reviews have also combined psychological challenges with physical stressors, such as the cold pressor, hand-grip, and treadmill exercises. 14, 15 Finally, there have been no recent reviews using meta-analytic techniques to quantify the extent to which cardiovascular response predicts cardiovascular status. 5, 13 The purpose of this systematic review was, therefore, to provide quantitative evidence for associations between cardiovascular response to laboratory mental stress and future cardiovascular risk status by analyzing all of the available prospective studies. We also aimed to address the question of whether stress reactivity and poststress recovery have different relationships with later CVD and whether associations differ in relation to factors such as sex, nature of stress tasks, and methodological quality (for fuller details, please see the online Data Supplement at http://hyper.ahajournals.org).
Methods

Data Sources and Searches
The present protocol is based on a widely recommended method for systematic reviews of observational studies 16, 17 (for details, please see the online Data Supplement).
Study Selection
On the basis of existing reviews of related literature, 18 we defined an acute laboratory stressor as a task that lasted Յ1 hour and did not serve a function outside the laboratory setting. Criteria for inclusion were as follows: (1) publication as a peer-reviewed journal article in any language; (2) evaluation of an association of laboratory stressinduced cardiovascular response with future cardiovascular health status; (3) separate inclusion of samples if Ͼ1 construct of a laboratory stressor and Ͼ1 type of cardiovascular response were assessed in 1 article; (4) extraction of only effect sizes for psychological stress if physical stressors such as the cold pressor or hand grip, as well as psychological stress tasks, were used within 1 article and their effect sizes were separately presented; (5) separate inclusion of samples if the effects of laboratory stress-induced cardiovascular response on cardiovascular risk status were separately analyzed in men and women in 1 article; and (6) exclusion of the association with smaller sample size or poorer methodological quality if separate associations between stress responsivity and future cardiovascular status were reported in the same population sample in different publications.
Data Extraction and Quality Assessment
We extracted an r between the cardiovascular response predictor during stress reactivity and recovery and subsequent cardiovascular status. Cardiovascular predictors included systolic and diastolic BPs, heart rate (HR), cardiac output, cardiac index, myocardial ischemic responses, cardiac pre-ejection period, 19 and HR variability 20 (for details, please see the online Data Supplement).
We assessed the quality of all of the articles using a system for scoring methodological quality, on the basis of whether potential confounders were addressed, because these can contribute to biases associated with effect estimation. In light of previous evidence, [21] [22] [23] we regarded an association as good quality if it revealed no statistical differences among cardiovascular response groups in age, sex, smoking, body mass index, biochemical risk factors for CVD (high density lipoprotein cholesterol, triglyceride, etc), the presence of medication affecting stress responses (antihypertensive drugs, etc), socioeconomic status, and baseline physiological activity, or if statistical adjustments were made for these factors, and if the association used consecutive or random recruitment of participants or representative sampling. We classified associations arbitrarily into high-or low-quality categories by whether they fulfilled Ն6 of these 8 criteria.
Data Synthesis and Analysis
We followed meta-analytic procedures that have been described previously elsewhere. 18, 24 Briefly, an effect size was the r between the cardiovascular response predictor and cardiovascular outcome or was calculated from the difference in subsequent cardiovascular status between the high and low cardiovascular response groups. [25] [26] [27] [28] Separate meta-analyses were carried out for associations of stress reactivity and stress recovery. If there was sufficient information available (Ն4 associations), we aimed to carry out sensitivity analyses according to several characteristics. We simultaneously used the I 2 statistic for homogeneity between studies. 29 Finally, publication biases were estimated informally by a funnel plot and formally by using the Egger unweighted regression asymmetry test 30 and the fail-safe number. 31, 32 All of the analyses were conducted by the Meta-Analysis Program 33 (for details, please see the online Data Supplement). Figure 1 shows details of the flow diagram for this systematic review. The articles included in the meta-analysis are detailed in Table S1 (available in the online Data Supplement), whereas Table S2 summarizes the articles that were retrieved but excluded. The published between 1986 and 2009. Most associations (72.6%) involved responses to cognitive tasks, such as mental arithmetic, mirror tracing, color-word interference (Stroop task), and so forth. The 3 major cardiovascular response predictors were systolic BP, diastolic BP, and HR (32.0%, 32.0%, and 17.1% of the associations, respectively), but some associations involved HR variability, pre-ejection period, cardiac output or cardiac index, or myocardial ischemic response.
Results
Summary of Associations
The most common cardiovascular outcomes were systolic and diastolic BP levels, which were evaluated in Ͼ30% of the associations, followed by carotid intima-media thickness and coronary calcification.
Stress Reactivity and Subsequent Cardiovascular Status
The overall meta-analyses found that greater stress reactivity was significantly associated with poor cardiovascular risk status longitudinally (rϭ0.091 [95% CI: 0.050 to 0.132]; PϽ0.001; Figure 2 ). This finding was confirmed by more conservative analyses of aggregate effects (rϭ0.129 [95% CI: 0.054 to 0.202]; PϽ0.001). Furthermore, the subgroup metaanalysis of methodologically strong associations (association quality score: Ն6) replicated this significant association between greater stress reactivity and poor future cardiovascular risk status (rϭ0.110 [95% CI: 0.050 to 0.170]; PϽ0.001). These analyses were not accompanied by significant publication bias using the Egger unweighted regression asymmetry test (PϽ0.10), whereas all showed very high heterogeneity (I 2 Ͼ0.90). Intriguingly, subanalyses showed that associations between the greater stress reactivity and future cardiovascular risk status seemed to be more pronounced in men (rϭ0.117), younger populations defined as age Յ18 years old (rϭ0.097), and those with longer follow-up periods (Ն3 years; rϭ0.116). In the subanalysis by the types of stressor, only the cognitive task category remained significantly associated with later cardiovascular risk status (rϭ0.094). When separate analyses were carried out of different cardiovascular response predictors, associations with poor cardiovascular outcomes were demonstrated for systolic and diastolic BP reactivity (rϭ0.096 and 0.122, respectively). The most consistent cardiovascular outcomes related to greater stress reactivity were incident hypertension and higher systolic and diastolic BPs (rϭ0.101, 0.117, and 0.077, respectively).
Stress Recovery and Subsequent Cardiovascular Status
Poor stress recovery (defined as sustained cardiovascular activation above baseline levels during the posttask recovery period) was associated with impaired future cardiovascular risk status in the overall analyses (rϭ0.096 [95% CI: 0.058 to 0.134]; PϽ0.001; Figure 3 ). This association was replicated in both the subanalyses on the aggregate effects and the methodologically stronger associations (rϭ0.081 [95% CI: 0.009 to 0.151], Pϭ0.027, and rϭ0.079 [95% CI: 0.041 to 0.118], PϽ0.001, respectively). These analyses were all accompanied by significant publication bias of the Egger unweighted regression asymmetry test (PϽ0.10). The failsafe numbers in the overall effect, aggregate effect, and methodologically stronger associations were 183, 7, and 117, respectively. This implies that the association in the overall analysis was reasonably reliable.
When we limited analyses to associations with follow-up periods Ն3 years, effects remained significant (rϭ0.082). We could not carry out other subanalyses on the basis of population characteristics, such as sex or age, because the number of associations was too small. When stressor types 
Discussion
This is, to our knowledge, the first meta-analytic review to evaluate the association between cardiovascular responses to laboratory stress and later cardiovascular risk status. It indicates that greater reactivity to stress or slow recovery after mental stress predicts poor future cardiovascular status or progression of CVD risk. These effects were sustained in methodologically strong associations and in conservative analyses that tested associations with aggregated predictors within association populations. Several mechanisms could relate cardiovascular response with progression of cardiovascular risk. Because the studies reviewed were observational rather than experimental, the direction of causality cannot be conclusively proven. It is possible that occult CVD led to heightened cardiovascular response so that previous disease status caused disturbances in responsivity rather than the reverse. In addition, underlying 
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genetic, socioeconomic, or developmental processes may both stimulate alterations in cardiovascular response and accelerate CVD progression, without a direct connection between the two. Behaviors such as smoking, the use of medications, and factors like excess adiposity critically influence cardiovascular response to acute stress, 21 while also exacerbating CVD status, so that they could theoretically be responsible for the effects observed. This latter explanation seems unlikely, because subanalyses showed that relationships between cardiovascular responses and subsequent risk status remained significant in studies that controlled for these behavioral factors.
If the causal chain is from heightened reactivity and/or impaired recovery to CVD risk, different pathways might again be involved. First, there could be a direct relationship between BP or hemodynamic responsivity and later CVD risk. Hyperreactive people may experience repeated episodes of elevated BP or disturbed hemodynamics as they go about their everyday lives, so that over the course of time their tonic BP will rise, eventually leading to incident hypertension. 9 Our finding that effects were stronger in associations with longer follow-up periods is consistent with such a timecourse hypothesis. However, the limited strength of effects indicates that not all individuals who show heightened reactivity or poor recovery experience accelerated progression of CVD risk. One important issue may be whether the individual is exposed to challenges in everyday life that elicit appropriate stress reactions. Light et al 34 demonstrated that high stress reactivity predicted increases in tonic BP over a 10-year period only when associated both with a positive family history and with high levels of daily stress. Another possibility is that, over time, some people learn to cope more effectively with behavioral and emotional challenges, thereby reducing the frequency of hyperreactive episodes.
A second possibility is that the cardiovascular response is a marker of other physiological processes more directly involved in cardiovascular pathology. Inflammatory pathways and hemostatic responses are critical to atherogenesis and thrombus formation, and impaired poststress cardiovascular recovery is associated with prolonged hemostatic and inflammatory responses. 35 Transient endothelial dysfunction is also elicited by acute stressors along with cardiovascular responses. 36 Greater fibrinogen and interleukin 6 responses to acute stress are positively associated with increased ambulatory BP prospectively, 37 whereas a recent study showed that arterial epinephrine and norepinephrine stress reactions predicted systolic BP over an 18-year period. 38 We carried out subanalyses of categories of stressor and found that associations with future cardiovascular risk were shown only in the analyses of cognitive tasks. There may be a number of reasons for this. First, the number of associations involving cognitive tasks was much greater than for other stressor categories, so findings may be more robust. Second, the use of cognitive tasks may allow more effective manipulation of task characteristics, such as difficulty, controllability, and sustained effort, that are known to influence biological responses than is possible with other types of task. Third, the administration of cognitive tasks may be more readily standardized than is the case for tasks such as public speaking or interviews and may therefore elicit more reliable contingent responses. 39 As noted in the Introduction, there is substantial literature relating cardiovascular response to the cold pressor with CVD risk and future hypertension. The results of these studies have been mixed. 40 -44 We excluded these studies on theoretical grounds, because the cardiovascular reactions to the cold pressor are driven in part by reflex hemodynamic changes rather than psychological stress effects. However, studies of the cold pressor and autonomic function are important, because they throw light on the regulatory processes implicated in CVD risk. 45 The strength of the findings in this meta-analysis depends on the quality of the associations included. Many of the associations identified in the literature did not provide sufficient data for calculating hazard ratios or relative risk ratios. Hence, we used r as an effect size in this study. Effect sizes (r) in the region of 0.1 to 0.3 (or Ϫ0.1 to Ϫ0.3), 0.3 to 0.5 (or Ϫ0.3 to Ϫ0.5), and 0.5 to 1.0 (or Ϫ0.5 to Ϫ1.0) are generally considered to represent small, moderate, and large relationships, respectively, although this categorization is somewhat arbitrary and should not be observed too strictly. 46 The interpretation of r depends on the context and purpose, but r can best be conceptualized in practical terms using a binomial effect size display. 26 The binomial effect size display is most easily understood when the outcome is dichotomous, as it is for diagnosis or mortality. Using the binomial effect size display, we computed the probability of incident hypertension to increase by Ϸ23% (hazard ratio: 1.23), for individuals exhibiting greater compared with less stress reactivity in a binary division. The size of associations between stress reactivity and hypertension outcomes may appear small; however, it is worth pointing out that these effect sizes are not markedly different from those for many other biological indicators identified in prospective observational epidemiological research (eg, Reference 47).
Our review has several limitations. First, it was restricted to the evaluation of results in published articles. We found evidence of publication biases in the overall recovery analysis and in several subgroup analyses by the Egger unweighted regression asymmetry test. This implies a positive result bias, if authors are more likely to submit, or editors accept, positive than null (negative or inconclusive) results. However, in the analyses of stress recovery associations, the fail-safe number for the overall effect was 183, whereas it was 117 for the methodologically strong associations. This indicates that a large number of nonsignificant associations would have to be in the "file drawer" to negate the significance of the association. Second, the method of scaling cardiovascular response was inconsistent across associations, with some using continuous scores, whereas others involved binary, tertile, or quartile divisions. Third, few associations used consecutive or random recruitment of participants or representative populations, although these issues are important to observational studies. 23 Fourth, we could not investigate the impact of some potentially important factors, such as family history or ongoing background stress, and their interaction with stress responsivity because of an insufficient number of associations addressing these issues. Finally, it should be recognized that laboratory studies of cardiovascular response model stress process acutely using artificial short-term stimuli. The magnitude of stress exposure is small in comparison with real life, but it is hypothesized that individuals who are reactive in the laboratory will also display greater cardiovascular response in everyday life. 7, 48 
Perspectives
Evidence for the role of psychological distress and social/ environmental adversity in hypertension and CVD comes from a variety of disciplines, including animal stress research, clinical studies of neural pathophysiology, and epidemiological studies of stress exposure and factors such as depression and hostility. Laboratory studies of physiological reactions to mental stress are becoming more sophisticated, with measurement of a broader range of neuroendocrine, inflammatory, and hemostatic variables, in addition to BP and HR, and assessment of general population samples rather than college students. Larger studies with longer tracking periods will permit inclusion of measures of stress exposure and coping during follow-up, allowing more robust analyses of the role of propensity to heightened stress responsivity. Few studies have yet been able to take account of genetic influences on cardiovascular responses or interactions with factors such as adiposity. Nevertheless, the current meta-analysis suggests that greater cardiovascular reactivity to and poor recovery after acute mental stress have adverse associations with future cardiovascular health. This research has implications both for the prevention of CVD risk progression and management of clinical conditions. A recent meta-analysis of randomized, controlled trials has documented the efficacy of psychological interventions in cardiac patients, 49 whereas greater understanding of underlying physiological processes may permit the targeting of pharmacotherapy to reduce the impact of heightened stress responsivity. Heightened reactivity or delayed recovery is thought to be processes through which stress and other psychosocial factors such as hostility promote CVD risk (9, 10) . The advantage of this methodology is that sophisticated measures of cardiovascular functions can be carried out under standardized laboratory conditions. The technique has does have limitations, including its restriction to the study of short-term responses to somewhat artificial stimuli that lack ecological validity.
Evidence for relationships between the magnitude of stress reactions and cardiovascular activity in everyday life has been mixed (11) . Nevertheless, these disadvantages are offset by being able to monitor or eliminate confounding factors, and to manipulate stimuli experimentally, allowing the causal factors responsible for cardiovascular responses to be determined (9) . The practical significance of acute stress responses has been questioned, so longitudinal follow-up studies have been conducted to establish whether people who show heightened acute stress responses are at greater risk for the development of CVD.
Over the past few decades, many studies of mental stress-induced cardiovascular response in relation to future CVD have been published, but the conclusions of reviews have been varied (5, 12, 13) . This may be partly because clear distinctions have not been made between prospective studies and cross-sectional, retrospective case-control, or quasi-prospective studies. Cross-sectional and retrospective case-control studies are subject to the possibility of reverse causality, with current cardiovascular status (e.g., underlying atherosclerosis or hypertension) causing changes in cardiovascular response to mental stress, so they cannot conclusively detect longitudinal associations between cardiovascular response and cardiovascular status. Some reviews have also combined psychological challenges with physical stressors such as the cold pressor, hand-grip, and treadmill exercise. However, it can be argued that tasks like the cold pressor are pain-inducing challenges that elicit reflex vascular changes (14) , while also being affected by non-psychological variables such as body mass, skin surface area, and fat distribution (15) . Studies of mental stress-induced cardiovascular responses are also more consistent with emphasis on sympathoadrenal pathways championed by Light (4), so deserve to be reviewed separately. Finally, there have been no recent reviews using meta-analytic techniques to quantify the extent to which cardiovascular response predicts cardiovascular status (5, 13).
The purpose of this systematic review is therefore to provide quantitative evidence for associations between cardiovascular response to laboratory mental stress and future cardiovascular risk status by analyzing all available prospective studies. We also aimed to address the question of whether stress reactivity and post-stress recovery have different relationships with later CVD, and whether associations differ in relation to factors such as gender, nature of stress tasks (cognitive tasks, emotion induction, public speaking, stress interviews, etc.) and methodological quality.
Expanded Methods
Data sources and searches
The present protocol is based on a widely recommended method for systematic reviews of observational studies (16, 17) . Electronic searches were performed in PsycINFO 
Study selection
Based on existing reviews of related literature (18), we defined an acute laboratory stressor as a task that lasted 1 hour or less and did not serve a function outside the laboratory setting; this excluded extended stressor challenges lasting more than 1 hour, chronic real-life stressor studies (e.g., caregiving) and naturalistic stressors (e.g., academic or driving examinations). Psychological stressors were defined as non-metabolically demanding tasks, which excluded physical stressors (e.g., exercise, postural change), mixed physical-psychological stressors (e.g., cold pressor, hand-grip), and studies that involved a biological challenge or placebo injection (e.g., corticotropin-releasing hormone, caffeine). Criteria for inclusion were as follows: 1) Publication as a peer-reviewed journal article in any language; 2) Evaluation of an association of laboratory stress-induced cardiovascular response with future cardiovascular health status; 3) If more than one construct of laboratory stressor and more than one type of cardiovascular response were assessed in one paper, the samples were included separately; 4) If physical stressors such as the cold pressor or hand-grip as well as psychological stress tasks were employed within one paper and their effect sizes were separately presented, we extracted only effect sizes for psychological stress; 5) If the effects of laboratory stress-induced cardiovascular response on cardiovascular risk status were separately analyzed in men and women in one article, the samples were included separately; 6) If separate associations between stress responsivity and future cardiovascular status were reported in the same population sample in different publications, the association with smaller sample size or poorer methodological quality was excluded.
Data extraction and quality assessment
A manual was prepared for coding the associations, and was revised during the coding to incorporate important aspects of the located associations. The final list of variables was as follows: first author, publication year; sample size with participant characteristics; type and duration of acute stress; methodological quality score (0-8); predictor (cardiovascular response indicator); outcome (cardiovascular status); effect size (correlation coefficient, r) for stress reactivity to and recovery from stress. Mental stressors were categorized into five groups: cognitive tasks, stress interview, public speaking, emotion induction, and combined tasks. We extracted an r between the cardiovascular response predictor during stress reactivity and recovery and subsequent cardiovascular status.
Cardiovascular predictors included systolic and diastolic BP, heart rate (HR), cardiac output, cardiac index, myocardial ischemic responses, cardiac pre-ejection period (PEP) as the amount of sympathetic activation to the heart (19), and heart rate variability (HRV) as a measure of parasympathetic influences on the heart (20) , expressed either as the root mean square of successive N-N differences (r-MSSD, ms), or the high frequency (0.15 -0.40 Hz) component identified through power spectrum analysis.
We assessed the quality of all manuscripts using a system for scoring methodological quality, based on whether or not potential confounders were addressed, since these can contribute to biases associated with effect estimation. In the light of previous evidence (21-23), we regarded an association as good quality if it revealed no statistical differences between cardiovascular response groups in age, gender, smoking, body mass index, biochemical risk factors for cardiovascular disease (high density lipoprotein cholesterol, triglyceride, etc.), the presence of medication affecting stress responses (anti-hypertensive drugs, etc.), socioeconomic status (SES), and baseline physiological activity, or if statistical adjustments were made for these factors, and if it used consecutive or random recruitment of participants or representative sampling. We classified associations arbitrarily into high or low quality categories by whether or not they fulfilled six or more of these eight criteria.
Association inclusion and data extractions were conducted by one author (Y.C.) and verified by another (A.S.). Assessment of quality and validity were made independently, and disputes were sorted out by consensus.
Data synthesis and analysis
We followed meta-analytic procedures that have been previously described elsewhere (18, 24) .
Briefly, an effect size was the r between the cardiovascular response predictor and cardiovascular outcome, or was calculated from the difference in subsequent cardiovascular status between the high and low cardiovascular response groups. The effect size from the group difference was then transformed into r, which gives more weight to larger studies that tend to obtain more reliable estimates of the population effect size. Therefore, the data in each study had to include either a zero-order r, or information that could be converted to an r effect size (e.g., t tests, F tests, means and standard deviation, and chi-squares). If a study did not report an r effect size, we computed one from descriptive statistics, t statistics, F ratios, and tables of counts (25) . The r effect sizes are obtained via the following standard formula (df, degree of freedom; n, sample size); t statistics, r = √(t 2 / t 2 +df); F statistics with 1 df, r = √(F / F+df); chi square, r = √(c 2 (1) / n); standard normal deviate Z, r = Z / √(n) (26) . If there were insufficient data reported to calculate an r-value, we initially contacted the authors to obtain more information. If no relevant convertible statistics were presented, other than a p-value, we calculated the t statistic from the p-value and an r-sub (equivalent) (25) . When a paper reported p < 0.05, p < 0.10, or ns, we computed r-sub (equivalent) with p-values of 0.025, 0.05, 0.50 (one-tailed), respectively, which likely yielded a highly conservative estimate of the effect size (27) . An inferential statistic or effect size was used to calculate a z-score for each association, which was weighted by sample size to calculate an overall z-score and probability. Regarding type of laboratory stressors, cardiovascular response predictors, and cardiovascular outcomes, we graded each parameter as a separate construct. Thus, several effect sizes were often derived from a given sample, each representing a different construct. When more than one measure was reported for a particular construct (e.g., several different cognitive tasks), the weighted mean of each set of effect sizes (e.g., mean r for all cognitive tasks) was used to calculate the effect size. In addition to computing the separate effect sizes for each construct, an aggregate effect size was obtained for each association population by random effect estimation of all effect sizes in that category (e.g., random effect size of all cardiovascular response predictors and cardiovascular outcomes). This procedure was carried out because some meta-analyses conservatively include only one effect size per association population.
We performed random effects modeling (28) in our analyses, which accounts for the amount of variance caused by differences between associations as well as differences among participants within associations.
Separate meta-analyses were carried out for associations of stress reactivity (change in cardiovascular activity between baseline and task periods), and stress recovery (change in cardiovascular activity between baseline and the post-task recovery period). If there was sufficient information available (≥4 associations), we aimed to carry out sensitivity analyses according to such characteristics as gender, follow-up duration, association quality, stressor types, nature of the cardiovascular predictor, and outcome variables. We simultaneously employed the I 2 statistic for homogeneity between studies, which shows what proportion of the total variation across studies is not explained by chance (29) . I 2 values of 0.25, 0.50, and 0.75 correspond to low, moderate, and high between-trial heterogeneity, respectively. Finally, publication biases were estimated informally by a funnel plot and formally by using the Egger's unweighted regression asymmetry test (30) and the fail-safe number (31) . The fail-safe number indicates the number of non-significant, unpublished associations that would need to be added to a meta-analysis to reduce an overall statistically significant observed effect to non-significance (32) . All analyses were conducted by the Meta-Analysis Program (33). 
Code number (No):
The associations with the same number share a corresponding cohort sample; Sample: ad, atherosclerotic disease; bht, borderline hypertension (85≤ DBP ≥94 mmHg); bl, black population; cd, cardiac patients; ht, hypertensive patients; od, old population (≥61 years old); yg, young population (≤18 years old); m/f refers sex of samples; Stressor: CT, cognitive task; EI, emotion induction; PS, public speaking/verbal interaction task; IP, interpersonal stress; SI, stress interview; Methodological quality score: 1, accounted for; 0, not accounted for; Ag, age; BL, baseline cardiovascular activity; BM, body mass index; Md, medication; RK, biochemical risk factors for cardiovascular disease (high density lipoprotein cholesterol, triglyceride, etc.); Sm, smoking; SR, adequate sample recruitment; Sx, sex; Predictor or Outcome: * indicates an inversed value; AP, atherosclerotic plaques; CaC, coronary calcification; CAD, coronary artery disease; CI, cardiac index; CO, cardiac output; CVD, cardiovascular disease; DBP, diastolic blood pressure; HR, heart rate; HRV, heart rate variability; HT, hypertension (SBP ≥160 and DBP ≥90 mmHg); IMT, intima-media thickness; LVM, left ventricular mass; MBP, mean arterial blood pressure; MI, myocardial infarction; MIR, myocardial ischemic response; PEP, Preejection period; RSA, respiratory sinus arrhythmia; SBP, systolic blood pressure; Effect size: stress and recovery effects were assessed as changes between the baseline and stress trials and between the task and recovery trails, respectively; r, correlation coefficient
